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This application is a continuation-in-part of 
out copending application Serial No. 106,974, riled 
July 26, 1949, now Patent No. 2,578,861, issued 
December 18, 1951. 
This invention relates to new polymerizable 
compositions, fo polymerization products pre- 
pared therefrom and to methods of preparing 
such products, iore particularly the present in- 
vention is directed to polymerizable compositions 
comprising (1) 4-allyl-oxymethyl-l,3-dioxolane 
and (2) a compound which is different from the 
compound of (1), which is copolymerizable there- 
with and which contains a C-----C'< grouping, 
e. g., styrene, acrylonitrile, ethyl acrylate, methyl 
methacrylate, etc., and to compositions compris- 
ing a copolymer oï copolymerizable ingredients 
including as essential components the aforemen- 
tioned compounds oï (1) and (2). The scope of 
the invention also includes method ïeatures. 
iV£any different vinyl and allyl compounds were 
known prlor, to our invention, but fo the best 
our knowledge and belieï 4-allyloxymethyl-l,3- 
dioxolane has not previously been prepared or 
used as a comonomer in the production oï 
polymers. The compound is unique in that it can 
be caused to polymerize either through its ethyl- 
enically unsaturated bond or through both the 
unsaturateoE linkage and the dioxolane ring. By 
suitable choice of catalysts, polymerization can be 
caused to take place primarily through the ring. 
Because of its unique structure and properties, the 
plastics chemist and resin formulator, and work- 
ets in related arts are provided with a single 
polymerizable material which, alone or prefer- 
ably while admixed with another comonomer, can 
be caused to undergo either or both of two types 
of polymerization reactions as brieriy described 
above. The advantages of such a polymerizable 
compound will be apparent to those skilled in the 
art, for èxample, the greater adaptability of such 
compounds for a greater variety of service appli- 
cations by merely varying the catalyst or other 
polymerization influences employed, or the tem- 
perature or other polymerization conditions used, 
so as to d.irect the course of the polymerization 
through the ethylenic iinkage and/or the di- 
oxolane grouping as desired or as conditions may 
require. 
As indicated above, 4-allyloxymethyl-l,3-diox- 
olane is preferably caused to polymerize while 
admixed with one or more (e. g., two, three, rive, 
ten, or any desired number) of other comonomers 
which are copolymerizable therewith, more par- 
ticularly such comonomers which contain a 
OE(< grouping (that Is, comonomers which 
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contain either a single CI-I:C< grouping or a 
plurality of such groupings), thereby to obtain 
copolymers, which in general are resinous or po- 
tentially resinous materials and which are espe- 
cially valuable ïor use in the plastics, coating, 
laminating, adhesive, molding and other arts. 
Examples of comonomers with which this unsatu- 
ratcd dioxolane can be copolymerized are vinyl 
compounds, more particularly vinyl aromatic 
10 compounds (e. g., styrene, dimethyl styrene, di- 
vinyl benzene and other vinyl aromatic hydro- 
carbons) and vinyl aliphatic compounds, for in- 
stance acrylonitrile, acrylamide, the alkyl esters 
oï acrylic acid (e. g., methyl, ethyl, propyl, etc., 
15 acrylates), the various allyl esters, e. g., allyl 
acetate, diallyl phthalate, diallyl succinate, etc. 
If is an object oï the present invention to pro- 
vide a new class oï polymerizable compositions 
containing 4-allyloxymethyl-l,3-dioxolane and 
20 one or more other comonomers copolymerizable 
therewith, and a new class oï copolymer composi- 
tions ïrom the said polymerizable compositions. 
Another object oï the invention is to provide 
a new class of synthetic compositions, more par- 
25 ticularly resinous copolymers, which are especial- 
ly suitable ïor use in the plastics, coating, ad- 
hesive, laminating, molding and other arts. 
Other objects oï the invention will be apparent 
to those sMlled in the art ïrom the following 
3O more detailed description thereof. 
In producing the .polymerization products 
our invention, 4-allyloxymethyl-l,3-dioxolane is 
preferably polymerized while admixed wïth a co- 
monomer (or a plurality of comonomers) con- 
35 taining one er more CI-I-----C< groupings since, in 
general, products having optimum properties for 
a particular service use thereby can be obtained 
at minimum cost. Heat, light or heat and light 
can be used to effect Polymerization, although 
40 under such conditions the rate of polymeriza- 
tion is relatively slow. Hence, to accelerate the 
polymerization, we prefer to use a polymerization 
catalyst accompanied by heat, light or heat and 
light. Further details on polymerization condi- 
45 tions are given hereinafter. 
Examples of monomers containing a CI-I-----< 
grouping that can be copolymerized with the 
aforementioned unsaturated dioxolane, either 
singly or a plurality (two, three, four .or any de- 
50 sired number) thereof, the latter often being de- 
sirable in order fo improve the compatibility and 
copolymerization characteristics of the mixture 
of monomers and to obtain new and valuable co- 
polymers having the particular properties desired 
 for a particular service application, are such 
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monomers as the unsaturated alcohol esters, more 
particularly the allyl, methallyl, crotyl, 1-chloro- 
allyl, 2-chloroallyl, cinnamyl, vinyl, methvinyl, 1- 
phenylallyl» butenyl, etc., esters of saturated and 
unsaturated, aliphatic and aromatic, monobasic 
and polybasic acids such, for instance, as acetic, 
propionic, butyric, valeric, caproic, acrylic and 
alpha-substituted acrylic (including alkacrylic, 
e. g., methacrylic, ethacrylic, proïoegylic, étc., 
and arylacrylic, e. g., phenylacrylic, etc.), cro- 
tonic, oxalic, malonic, succinic, glutaric, adipic, 
pimelic, suberic, azelaic, sebacic, malëic, fùmaric, 
citraconic, mesaconic, itaconic, acetylène dicar- 
boxylic, aconitic, benzoic, phenylacëtic, phthalic» 
terephthalic, benzoylphthalic, etc., acids; the sat- 
urated monohydric alcohol esters e. g., the meth- 
yl, ethyl, propyl, isopropyl, butyl, sec.-butyl, àm:l, 
etc., esters of unsaturated aliphatic monobasic 
and polybasic acids, illustrative examplès Of Which 
appear above; vinyl cyclic compounds (including 
menovinyl aromatic hydrocarbons), e. g., stygene, 
o, m- and p-chlorostyrenes, -bromostyrenes, 
-ftuorostyrenes, -methylstyrenes, -ethylstyrenes, 
-cyCÙstyrenes, the various poly-substituted sty- 
renes such, for example, as the various di-, tri- 
and tetra-chlorostyrenes, -bromostyrenes, ftu- 
orostyrenes, -methylstyrenes, -ethylstyrenes, cy- 
an0styrenes, etc., vinyl naphthalene, vin:lcyclo- 
hexane, vinyl furane, vinyl pyridine, vinyldiben 
zofuran, divinyl benzene, trivinyl benzene, allyl 
benzene, diallyl benzene, N-vinYl Carbazole, the 
Various allyl cyanostyrenes, the various 
Substituted styrenes and alpha-substituted ring- 
substituted styrenes, e. g., alpha-methyl styrene, 
alpha-methyl-para-methyl styrene, etc.; unsatu- 
rated ethers, e. g., ethyl vinyl ether, diallyl ether, 
ethyl methallyl ether, etc.; unsaturated amides, 
for instance N-allyl caprolactam, acrylamide, and 
N-substituted acrylamides, e. g., N-methylol 
acrylamide, N-allyl acrylamide, Nmethyl acrylï 
amide, Nphenyl acrylamide, etc.; unsaturated 
ketones, e. g., rnethyl vinyl ketone, methyl allyl 
ketone, etc.; methylene malonic esters, e. g., 
mêthylene methyl malonate, etc.; butadienes, 
. g., 1,3-butadiene, 2-chlorobutadiene, etc.; un- 
Saturated polyhydric alcohol (e. g., butenediol, 
etc.) esters of Saturated and unsaturated, ali- 
phatic and aromatic, monobasic and p01:;basic 
acids, illustrative examples of wlich appear 
above. 
Other examp!es Of monomers that can bé Co- 
polymerized with -4-allyl0xymethyl-l,3-dioxolane 
are the vinyl lialides, more particularl@ Vinyl 
ftuoride, vinyl chloride, vinyl br0mide and Viïyl 
i0dide, and the varibus Vinylidene c0fnpounds, in- 
cluding the vinylidene halides, e. g., vinylidëhe 
chlogide, vinylidene bromide, ?inylidene ftuoridë 
and vinylidene iodide, other c0mònoinèïs bëing 
added if needed in order fo improVe the cm- 
i0atibflity and copolymerization charactegisics of 
the mixed monomers. 
Othe and more SpecifiC examplës Of mono- 
merle materials which may bë ihixed or 51endëd 
wi%h the unsatuxatecl dioxolane-Usèd in rac- 
ticing our invention and the resulting lïoïn0gene- 
Ousor substantially homogenëous p0!ymerizable 
composition then polymerized, as hereinafter 
more fully described, fo yield ne%v ahd Valuablë 
coioolymer compositions are the allyl Coinpounds 
Wliich are differerït froïn he allyl ceïniooiind em- 
brtced by Formula I and especially thbse which 
bave a boiling point Of a least about 60 ° c. of 
the monomeric materials which may be used the 
allYl esers form a large class, all of Which are 
Suitable. The reactive allylc0mpounds employed 
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are preferably those which bave a high boiiing 
point such, for example, as diallyl maleate, diallyl 
fumarate, diallyl phthalate, diallyl succinate, etc. 
Other allyl compounds which are.hot necessarily 
5 high boiling also may be used. 
More specific exarriples of allyl compounds that 
can be copolymerized with 4-allyloxymethyl-l,3- 
dioxolane are allyl alcohol, methallyl alcohol, 
allyï acetäte, allyl methacrylate, diallyl carbon- 
10 ae, all-I lacaté, àllyl alpha-hydroxyisobutyrate, 
allyl trichlorosilane, allyl acrylate, diallyl malon- 
are, diallyl oxalate, diallyl gluconate, diallyl meth- 
ylluconate, diallyl, adipate, d!allyl azelate, diallyl 
ebacte; diallyl tartronate, diallyl tartrate, di- 
]5 allyl meaconte, diallyl citraconate, the diallyl 
ester of muconic acid, diallyl itaconate, diallyl 
chloròphthalate, dlallyl dichlorosilane, the di- 
allyl ester of endomethylene tetrahydrophthalic 
anhydride, triallyl tricarballylate, triallyl aco- 
20 nitate, triallyl cyanurate, triallyl citrate, triallyl 
phösp!iate, rimethallyl  phosphate, etrallyl il- 
ane, terallyl silicate, hexallyl disiloxane, etc. 
Other- examples of allyl compounds.thát maybe 
employed are given, for example, in Kropa Pateng 
25 No. 2,510,503, issued June 6, 1950. 
Among the comonomers which are preferred 
for use in carrying our invention into effeCt are 
the vinyl compounds, including the vinyl aromktic 
compounds» more particularly the vinyl.aromatic 
30 hYdrocarbons (e. g., styrene, isopropenyl t01uene» 
the various dialkyl styrenes, etc.), and the vinyl 
aliphatic compounds, e, g., acrylonitrile, aCryl- 
amide, etc.-, and other compounds containinga 
CH=C< grouping, e g., the various substituted 
35 acrylonitriles (e. g., methacrylonitrile, ethacgYlo- 
nitrile, phenylaCrylonitrile, etc.), the various sub 
stituted acrylamides (e. g., methacrylämide» éth4 
acrylamide, the various N-substitutéd acryl 
amides and alkacrylamides, for instance N- 
4O methylol acrylamide» N-monoalkyl and dialkyl 
acrylamides and methacrylamides, e. g., N-mono- 
methyl, -ethyl, -propyl, -butyl, etc., and N-di, 
methyl, -ethyl, -propyl, :butyl, etc;, àcrylamides 
and methacrylamiles, N-monoaryl and diaryl 
45 acrylamides and alkacrylamides» e. g., Nmono- 
phenyl and -diphenyl acrylamides ànd:meth 
acrylamides, etc.), vinyl esters, e. g., virïyl ace, 
tare, vinyl propionate, vinyl butyrate, viny is0 
butyrate, vinyl valerate, vinyl acrytaté, vinyl 
5O methacrylate, etc., esters of an àcrylic acid (in 
cluding acrylicacid itself and the various a.lpha 
substituted acrylic acids, e. g,, methacrylic acid, 
ethacrylic acid, phenylacrylic acid, étC), more 
particularly the alkyl esters of an ácrylic ëid 
55 e. g., the methyl, ethyt» propyl» isopropyl, nbïï91» 
isobutyl, sec.butYl, tert.-butyl, a-niyt» hëx-yl, 
heptyl, octyl, decYl, dodecyl, etc;, ésters bf 
acrylic, mëthacrylic, ethacrylic, iohënYlarytic, 
etc., acids, including the alkyl acrylatescontain 
}0 ing hot more than four cárbon atoms-in the estër 
grouping, examples of which are given àboe, as 
well as other vinyl aromatic and vinyt aliphatic 
compounds, and other compoundS contàining. à 
CH-----C< grouping. 
65 Any suitable means rnay be usëd in effecting 
oolymerization of a polymerizable composition 
containing 4-allyloxymethyl-l,3-dioxolanè and 
che or more other monomers which are-copj]y 
merizable-therewith Heat or light or both, with 
70 or without a polymerization catalyst,-can be-nsed. 
Ultraviolet light is more effective thàn 0rdindi-Y 
light; Prèferably a polymerization atatYst-is 
employed. Any of. the catalysts which are use- 
ful in aceleratingthe p_oiYmerization..-0f 
 pound Containing n ethylehicatly msatïgaëd 
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gr0upirig, SPèCffically a vinyl, grouping, can be 
used. Among the preïerred catalysts are: the 
 acidic peroxides, e. g., benzoyl peroxide, phthalic 
peroxide, succinic peroxide and benzoyl acetic 
peroxide, as well as ïatty off acid peroxides, e.g.,  
coconut off acid peroxides, lauric peroxide, 
stearic peroxide and oleic peroxide; alcoholic 
peroxides, e. g., tert.-butyl hydroperoxide; and 
terpene oxides, e. g., ascaridole.. Other exam- 
ples of organ!c peroxide catalysts that can be I0 
employed are the following: 
Tetralin hydroperoxide 
Tert.-butyl diperphthalate 
Cumene hydroperoxide 
Tert.-butyl perbenzoate 1 
Acetyl peroxide 
2,4idichlorobenzoyl peroxide 
Urea peroxide 
Caprylyl peroxide 
p-Chlorobenzoyl peroxide 20 
2,2-bis(di-tert.-butyl peroxy) butane 
HYdroxyheptyl peroxide 
Diperoxide of benzaldehyde 
.Examples of catalysts which are believed to ac- 25 
celerate polymerization primarily bY opening up 
the dioxolane ring and, also, may cause poly- 
merization to proceed through the ethylenically 
unsaturated grouping are: p-toluene suifonic 
acld, suifuric cid, phosphoric .acid, aluminum 30 
chloride, stannic chloride, ferric chloride, boron 
trifluoride-ethyl ether complex, iodine, etc. Cer- 
tain alkaline catalysts also seem fo function in 
a similar manner, e. g., ethylene diamine, tetra- 
ethylenepentamine, etc..  35 
Catalysts which accelerate polymerization as 
the result of the liberati0n of a free radical, e. g., 
sym-dicyanotetramethylazomethane and simflar 
known diazo polymerization catalysts, also can 
be employed.. 40 
If desired, partial polymerization of the un- 
saturated dioxolane can be effected with the aid 
of one polymerization catalyst (e. g., a peroxide 
and, more particuiarly, an organic peroxide cata- 
lyst, or with a diazo or other type of catalyst 45 
capable of liberating a free radical) and poly- 
merization then completed with the aid of a 
catalyst capable of opening up the dioxolane 
ring, e. g., stannic chloride, etc. 
The concentration of catalyst is relatively 50 
small, e. g., from, by weight, about 1 part of cata- 
lyst per thousand parts of the mixture of mono- 
.mers to be polymerized to about 3 or 4 or more 
parts of catalyst per hundred parts of the mono- 
mer or .mixture of monomers. If an inhibitor be 55 
present in the polymerizable composition, up to 
6 or 7% or even more, based on the weight oï the 
said composition, maybe necessary (according 
to the concentration of the inhibitor) in order 
to overcome the effect of the inhibitor and to 60 
cause polymerization to proceed as desired with- 
in a reasonable period of rime. . 
The proportions of 4-allyloxymethyl-l,3-diox- 
olane and monomeric material which, is copoly- 
merized therewith may be widely varied, but or- 65 
dinarily the proportions thereof in the polymer- 
izable mixture will be within the range of, by 
weight, flore 3 (about 3) to 97 (about 97), or 
higher, molar percent of the unsaturated dioxo- 
lane to from 97 (about 97) to 3 (about 3), or 70 
 lower» molar percent of the other comonomer. 
PreferablY the unsaturated dioxolane constitutes 
af least 5 molar percent of the mixture thereof 
with the other comonomer or mixture of comono- 
mers. When the comonomer, constitutes onlF 

about 3 molar percent by weight of the polYmei - 
izable çomposition and the unsaturated dioxo- 
lane constitutes the remainder, the changes in 
the properties of the polymerization pr0duct are 
less marked (as compared with the homopoly- 
meric dioxolane) than when the comonomer (or 
mixture of comonomers) constitutes a substan- 
tially larger amount, as for example 10 or .0 
molar percent or even as much as 30 or 40 molar 
percent of the polymerizable compositio,n. Par- 
ticularly valuable copolymer compositions are 
obtained by using, by weight, from 10 to 50 molar 
percent of the unsaturated diox01ane and from 
90 to 50 molar percent of a comonomer (or mix- 
ture of comonomers) which is copolymerlzable 
therewith and which cntains a CI----C< group- 
ing, numerous examples of which bave been given 
hereinbefore. 
In some cases if may be desirable to inCorpo- 
rate into the po!ymerizable composition (eSpe- 
cially those comprising the unsaturated dioxo- 
]ane and one or more comonomers) an inhibitor 
which is adapted to inhibit polymerization 
through the ethylenically unsaturated grouping 
of the monomeric materiaL When it is desired 
to use the inhibitor-modified composition, a cata- 
lyst is added in an amount suflicient to promote 
the polymerization reaction. Various inhibitors 
can be used for this purpose, e. g., phenyl-«- 
naphthylamine, N,N' -di-2 -naphthyl-p -phenyl- 
enediamine, certain cupric salts, e. g., cupric ace- 
tare, etc. The amount of inhibitor may be con- 
siderably varied but ordinarily it is employed in 
an amount hot exceeding 3 %, genrally 11ess than 
1%, by weight of the polymerizable composition, 
e. g., from 0.01% to 0.5% or 0.6% by weight of 
the said composition. 
The polymerization may be effected by conven- 
tional bulk polymerization technique, in the 
presence or absence of a solvent capable of dis- 
solving the monomers and in which the .latter 
preferably is inert; or by conventional emulsion 
polymerization .or bead polymerization methods. 
Polymerization of the mixture of monomers may 
be effected by a continuous process as well as by 
a batch operation. Thus, the mixture of 
saturated dioxolane and one or more oher co- 
monomers, to which has been added a small 
amount of suitable polymerization catalyst, 'may 
be caused to polymerize to yield a copolymer or 
interpolymer by passage throtgh a conduit wlth 
alternate hot and cool zones. 
The temperature of polymerization of the poly- 
merizable composition, at atmospheric or slightly 
above atmospheric pressure and in the presence 
or absence of a polymerization catalyst,, may"be 
varied over a wide range, up to and including 
or slightiy above the boiling point at atmospheric 
pressure of the mixture of monomers. In most 
cases the polymerization temperature wfll be 
within the range of 15 ° to 200 ° C., more par- 
ticularly within the range of 20 ° C. or 30 ° C. 
(ordinary room temperature) to 130°-140 ° C., de- 
pending, for example, upon the rapidity of co- 
polymerization wanted, the particular catalyst, 
if any, used, the particuiar mixture of comono- 
mers employed when a particuiar copolymer 
wanted, and other influencing factors. With 
certain polymerization catalysts, more particu- 
larly strong acidic polymerization catalysts such, 
for instance, as gaseous boron trifluoride, boron 
trifluoride-ethyl ether complex, concentrated 
sulfuric acid, anhydrous aluminum chloride, etc., 
a substantially lower polymerization temperature 
often advantageously can be used, e. g., tempeNa- 



 dopolYmër,  Films  dried: frëm'lhe benêrïe:.:olu- 
:tionëf triec61lymer.ae ëlér d.: téugh. e 
: copolymeP-of ghis 'êXimple is .suible', or UseRs: a 
- c6mponCt«0f -coRtg, composition. 
-Intead bf :ethyl-RCIRçe :Other C0mndmers, 
: loi-e partieulàrly- 0ther ësters -of  clic 
-e.ïg., metyl èrylage,.-pr0pYl aelate, 
. áclate,.-n:butYl. acrylate,,isobutyl.,àcrylate/Sec.- 
.bUgyl g6late,. t::btyl aCryta,:myl«etate, 
;'hekyl :eaekylate, .-pr0peyl.e.làte, :cYclohël 
acrylate, phenyl aclate,'-:ëYl ::elate, ., 
can be substituted in the above formulation 
thereby to obtam copolymer Comsiti0 
vag properties. As wigh e{hylrylte,, sff.o 
with such other comonmers"ghe..pr6portio 
components can be varied as desed.0r as-con- 
tions may reque, e..g., from 3 toT (or,.:gher) 
molar percent of the diox01Rné tCfrom g '3' :(or 
lower) molar percent of the.other Comonbmer. 
Preferably the comonomer constitteS.ff0m;S:el0 
to 95-90 molar percent 0f the:-mmte' there0f 
with the diox01ane. 
EXAMPLE 3 
25 ::Par 
StYrene _ ............................... -180.0 
4-ailyloxymethyl- 1,3-dioxolane ._ ......... :20.0 
 25% Solution of dioctyl .sodim sulfosuc- 

' cinate, ir/.water ....... . ................ ,20.0 
":Tii.is dxamPle illutrates Che preparation- of.4- 30 . Water ......... - ........................ ,580.0 
::aliytbkmethyl-L3-dioxolane, "the formula - for . Amm0nlùm persulfate 

-A 'mixture of the above inkredients-is:hèated 
:Undêr eflux at the boiling temperature:: of the 
"iïlas 'for l'hour. After distilling off -:the. Water 
nffxcess formaldhyde from :the resulting:re- 
 aCi0n màss, 'the residue is neutralized Wïth .tri- 
ëthan01amine and thereaftër washC wïth-waer, 
Distillation is continUed until no more distillate 
:lS 05ained at a bth température of-15 ° C..The 
"d'fStillte 'is'Shalen'¢ith CaCh and redistilled 
- hnër: rëduced presstu'e. 4-allylomethyl«l - 
'dfoxolhe iscolle5ted as" the:product boiling at 
" 82°±85  Ci under a pressure: of 15 mm.'lin a yiëld 
àïïl6ïïiïting%o"b0Ut 29%. It ïS a-: clear:m0bfle, 
cSloiqèss ]quid; n ° lf4401. 
:: EXANfPOE 2 
"Parts 
., 4-Hyloxymethyi-i,3-dioXolïne ........... 'I0.0 
 Ethyl-acrylate ...... - ....  ................ :! 0.0 
Benzene. - .... - .......................... '20 0 
0.2 
- Benzoyl- peroxide ........................ 
":are hated togetherunder refihx-.at, the" boiling 
 eërture of themUSsf0r 5h0urs. The result- 
"-ing icoùs sblhtion:containing a :c0Polymer of 
 ëttl :acY]ate and khe :ernentioned: dïoxolne 
'is dooled: andthe-conten of Cop51Ymerso!ids is 

::are dhàred to..a 3ïneckëd reacti0n vessel:equipped 
.çvïth .,'fi-2er and-a refltïx-condënser. ,Themïx- 
35 ture is stirred vigorously.white.héatirïg:oïs;Steam 
 bath f0r  90 minutes,..àt the érid-. of whiCh:: leriod 
 reflfiing :bas : eèased..-Steam .-ïs .::'now :.. pïssed 
.-throflgh. the::emulsi6n: for 15: minutes :to remove 
: residual .. monbmers. .A. small -am0unt, 0f : 
40 agulated copolymer is flltered outof.. :the:stable 
- emtilsion of: the, c0pölymer Of: styrene :.and the 
-gfof6metionêd: unsatuated: Cli0xolne. 
-The: copolymer atex maybé .Ced¤s a:c0atlng 
: c6mpositi0nor as- component of.-siCh.c0mRosi- 
45 .tions. For  example, it may:-be applied fo  slzr- 
fde of g]ass; mëtal,.wood or- other material to.:be 
 protectively flnished, and. the coated article, then 
-heated for from 1 t0 3,hours at a temperati]re:of 
the order of 120 ° C. to 140° C..to evaporate:the 
50 water and to.c0nvert the- rea'ctive.styrene-un- 
" Sturated dioxolane copo]ymer. to a: curedor,:sub- 
Stàitially insolulle} substantially infusible :Stae. 
:.The cop0]ymer.may, be precipitated; ifdesired, 
 .,fbm tl]e : aqueous emu]sion thereof by adding, a 
55' coagul.ting : agent si]ch, for :instànce, .as, salts 
« e:g., salts of polyvalent metals such.as., alumi- 
 hum suIfate magnesium. chloride,' bariiu'a:chlo- 
" ride; etc., salts of monovalentmetals such as so- 
:dium: cliloride,, sodium sulfate etc.),: cidsr'e:g., 
'60: f0mic a.cid, acetic acid, phosphoric acid,, :hydro- 
- chloric acid, etc.; sulfides/.e:, g.,. magnesiumsul- 
ride, etc. The coagulated copolYmeris:.sepàrated 
 :from :the aqueoUs . phase, wter-washed, : and 
:ïëed -from entrapped Water, 'Eor example :by 
65 :Worldng on rollsto press out the.water. folloWed 
:by:dryifig. at a. suitable temperature (e.< 
 -robm.temper,ture)- under atmospleric- preSsUre 
(pëferably ïn a stream-of iry .air).':or at: subat- 
,'mosphëric pressures toremove thelast-trceSof 
-70  wager. The. dried; .rectiVe .copolymer;alone.::or 
with. a:.dye;, pigment, flller/plastlcizer,:.lubricant, 
:- polymërization catatyst, or other modlfylng,agent, 
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EXAMPLE 4 
Parts 
Acrylonitrile ............................ 25.0 
4-allyloxymethyl-l,3-dioxolane ........... 25.0 
Benzene ....... 5 ......................... 50.0 
Benzoyl peroxide ........................ 0.5 
are heated together under reflux af the boiling 
temperature of the mass for 5 hours. From the 
resulting mass a solid copolymer of acrylonitrile 
and 4-allyloxymethyl-l,3-dioxolane can be iso- 
lated by evaporating or distilling off the benzene. 
EXAMPLE 5 
Parts 
Ethyl acrylate ............................ 90 
4-allyloxymethyl- 1,3-dioxolane ............. 10 
are dissolved together, and the resulting solution 
is then added to 
Parts 0 
Sodium lauryl sulfate ................... 1.5 
Ammonium persulfate .................. 0.5 
Deionlzed water ........................ 300.0 
The resulting mixture is heated with stirring in a 25 
reaction vessel placed o n a steam bath for 
hours, after which stirring is stopped, and steam 
is passed rapidly through the mass for 15 minutes 
in order fo remove mreacted monomers. The 
steamed emulsion is cooled and strained fo re- 30 
more lumps of coagu!ated copolymer. A portion 
of the emulsion is diluted with water to' 10% 
solids and is nsed fo impregnate woolen fabrics. 
The impregnated cloth is dried for 10 minutes 
at 300 ° F. and is tested for shrinkage after being 35 
given rive successive standard washings in a soap 
solution. The treated wool shrinks about 10%, 
whereas the untreated wool shrinks about 17%. 
Similar results are obtained when 5 parts of 4- 
allyl-l,3-dioxolane and 5 parts of 4-allyloxy-40 
methyl-l,3-:dioxolae are substituted for 10 parts 
of 4-allyloxymethyl-l,3-dioxolane in the above 
formula. 
EXAMPLE 0 
45 
Parts 
Methyl acrylate_ ....................... 45.0 
Ethyl acrylate_ .......................... 45.0 
4-allyloxymethyl- 1,3-dioxolane .......... 10.0 
25% solution of dioctyl sodium sulfosuc- 
5O 
cinate in water ....................... 20.0 
Water ............ « .................... 380.0 
30% aqueous solution of hydrogen peroxide_ . 1.1 
The saine general procedure is followed as de- 
scribed under Example 3. Sirring and heating 55 
under reflux are continued for 5 hours, after 
which the emulsion is steamed for 1 hour to re- 
more unpo!ymerized monomers. The resulting 
product is a fairly stable emulsion of reactive co- 
polymer, which may be used, for example, as a 60 
coating composition or as a comportent of such 
compositions. 
EXAMPLE 7 
Parts 65 
Methyl methaerylate ....................... 50 
4-allyloxymeçhyl- 1,3 - dioxolane ............. 50 
Benzoyl peroxide ....  ...................... 1 
are mixed together and chdrged fo a heavy- 70 
walled glass tube, whieh thereafter is sealed under 
vacuum. Copolymeriation is effeeted by heat- 
ing the sealed tube in a 60 ° C. water bath for 24 
h0urs. A hard eopolymer of methyl methaerylate 
and 4-allylox:methyl-l;3-dioxolgn¢ Js. 0bta.ined. 

I0 
EXAIMILE 8 
Parts' 
Etyl acrylate ............................ 10.0 
4 -allyloxymethyl- 1,3 -dioxolane ............ 10.0 
' Toluene ................................. 20.0 
Benzoyl peroxide ......................... 0.2 
are heated tegeçher under reflux ai the boiling 
temperature of the mass for 5 hours. The yield 
I0 of eopolymer solids is 28.6%, which corresPOnds 
fo 57.2% conversion of monomers to c0polymer. 
. Clear films are obtained by easting çhe solution 
on glass plates and baking as deseribed in the 
preceding example. 
EXAMPLE 9 
Prts 
4- allyloxymethyl- 1,3 -dioxolane ............ 10.0 
Styrene ................................. I0.0 
Xylene .................................. 20.0 
2,2-bis(di-ert.-butyl peroxy) butane .... . __ 0.2 
are heated together under reflux at the boiling 
temperature of the mass for 5 hours, yielding a 
homogeneous, slightly viscous solution of the co- 
polymer of the unsaturated dioxolane and styrene. 
Films dried from the xylene solution are clear 
and tough. Their solvent resistance can be in- 
creased by incorporating a small amount, e. g., 
from 1 fo 5% by weight of the copolymer olids, 
of a polyamine such, for instance, as ethylene 
diamine, tetraethylenepentamine, etc., into the 
copolymer solution prior to drying. 
EXAMPLE 10 
Parts 
Acrylonitrile ............................ 100.0 
4-allyloxymethyl- 1,3-dioxolane ........... 100.0 
25% solution of dioctyl sodium sulosuc- 
cinate ................................ 24:4 
Water ................................. 574.0 
30% aqueous solution of hydrogen peroxide_ 4,4 
Ail of the above ingrediençs with the exception 
of one-half (2.2 parts) of the aqueous hydrogen 
peroxide solution are charged to a reaction vessel 
as deseribed under Example 3. The mixture is 
stirred vigorously while heaçing under reflux on 
a steam bath for 1/2 hours, after whieh the re- 
mainder (2.2 parts) of the aqueous hydrogen 
peroxide solution is added to the reaetion mass. 
Heating is eonçinued under reflux for an addi- 
tional I/2 hours, after whieh steam is passed 
through the emulsion ïor 15 to 20 minutes fo re- 
more residul monomers. 
The emulsion is fdtered and then frozen in a 
bath of aceçone and Dry Ice (solid carbon diox- 
ide). About 60 parts of eoncentraçed hydro- 
chloric aeid is added to the emulsion, wbieh is 
then flltered fo isolate te copolymer. The fllter 
cake of copolymer is washed with water and dried " 
in a vacuum oven ai 50 ° C. or 48 hours, yielding 
a dried, reactive eopolymer o acrylonitxile and 4- 
allyloxymethyl-l,3-dioxolane. This reactive co-. 
polymer, alone or admixed with a flller, polymer- 
ization catalyst or cther additive, is adapted 
be molded under heat and pressure o yield molded 
articles, of various shapes. 
EXAMPLE 11 
This example illustrates the production .of co-' 
Dolymers of amTlonitrile and 4-allyloxymethyl- 
1,3-dioxoiane, using from 5 to 95 molar percent 
of the one to from 95 to 5. molar percent ,of the 
other, and benzoyl peroxide as a catalyst for the 
5 copolymerization riaction. Thi ingredients were. 
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mixed together and charged to heavy-walled 
glastubes, which thereafter were evacuated and 
sealed" under vacuum. Copolymeriza£ion_was:eSr. 
fectedby heating the SealC tubes in. a. 60? C.: 
watér bath for 120 hours. The proportions used. 5 
andreults obtained are tabulated bel0v: 

T@blë 

4-Allyloxymethyl-_ 
1; 3lioxolane- 

Mble" Part s 
per cent 
50 - 7;1 

AcrylonitziI-. 
io10 PCts 
per cen! 
90 7. 9 
50: 
5 0:1. 

Benzoyl. 
Peroxide: 
Parts', 

0.1 

011. 
0.1 

Appearauoe.of = 
Copolymerization. 
Pr_oduct 

Product com- 
prised mainly 
a yhite, gra.n- 
lar. solid Some, 
brownsh,.rub=._ 
bery sotid Iso: 
DO. 
Pr oduct'com- 
prised mainly 
 homogene- 
rubï_eoE soid. 
The., copolymar. 
was obtained- 
as a somewhat. 
viscous broWI1- 

I:.wil] be- understoo d, of course,, by thoseskilled 
in.the art that out- in-enton, is not. limited, fo the 
spechïc ingredients named: in the aboie, i]lus- 
trative examples nor fo the particular propor- 
tions and methods oï. polymeriztion and copoly- 
merization mentioned therein. Thus, instead of 
benzoyl peroxide and the other catalysts nam_ed 
in the different examples,, any other p.olYmeriza- 
tion cata!Ys£ or combnation of polyme.!z.a.tion 
catalysts, numerous examples of which ha'e ben 
given:hereinbefore, may be used. Other catalysts 
that can be employed are. othe saltS of per.-acids, 
e. g,, sodium and potassium persulfates, sodium 
and potassium perca.:bonates, sodium and potasr 
sium perborates,, sodium a.nd lOtussium per.pho.s- 
phares, etc. 2Aso, instead o using- 4-allyloxy- 
methyll,3dioxolane .and- the other comonomer 
or-comonomers in the particular proportions 
giv.enqn the various, examples, they can be used 
in other propoztions, Ior instance, in the propor- 
tions.metni0ned by way oï illustrationin the por- 
tion o the specification:pior to the-examples, and  
als«: under Example 2 with particu!ar reference: 
to acrylate comonomers. 
A comonomer (or plurality of: comonomers)  
which contains one or moe. CH----C groupings, 
which is different from the unsatura.ted: dioxolane 
and which is compatible and copolymerizable 
therewith, other than the particular comonomers 
given in the above illustrative examples, also can 
be used: For instance, the comonomer may be a 
cyanoalkl ester of-an acrylic acid, e. g., mono-, 
di-, and tricyanometahyt esters oï acrlic acid, 
methacrylic acid, etc., the mono, di- and tri- 
(cyanoethyl) esters of acrylic acid; methacrylic 
acid; etc. Or., the. comonomer can be any other 
organic, compound which is copolymerizable with 
the unsaturated dioxolane_ and which is rep- 
resented by the general formula 
II R 
/ 
CH ..-C 
where 1 represents, a member of the class con-. 

bromine or iodine), ¢lkyl. (. ., methyl, ethyl, 
propyl, butyl to octadecyl, inclusive), cycloalkyl 
(e, g, cyclohexyl, etc.), aryl (e. g., phenyL xey:l,. 
naphthyl, etc.), alkaryl (e. g»,tolyl, xy!yl,.¢th! 
phel, etc,), aralkyl (e. g., benzyl, 
etc.) and R' represen an aryl radical.o a.adr- 
cal represented by the foula 
(a) 
(c) 
--O----R" 
(«) 0 
--.--0 R" 
(e) 0 
20 ----R" 
where ' repeeDts_ an a!kyl,. lkoxsayl 
meox¢thyl, methoxyeyl, eoxeyl, 
ethoxypopyl, pr0poxybutyl, etc.) or a carbocyclic 
25 radiCai (e. g:, aryl, alkaryl; hydroaromatic, e.).. 
Examples-of compounds embred- by rma 
are the vinyl esters (e. g., nyl aceta, eM.), 
methyl vinyl- ketone isoprene, 1,3butadiene,. 2- 
chloro-l,3-butadiene, acrylotrile various, esWrs 
30 of aCrylic acid (e. g., meyl aclate, ethyl acry- 
lae» cyclohexyl acrylate, tetrahydronaphyl a 
rylae,, decahydronaphyl acrylate, meo 
ethyl ¢rylate, ethoxyethyl, acrylate, e,), as we11 
as ohrs that will be obvious to tose skfll 
35 e art. 
The thermosetting or potentially thermosettng, 
reactve poymerization products (polymers and 
copçlymers) of this invenon bave a wide vriet 
of appll¢ati0n. For- ance, with or wihout, a 
40 filler or other additive, numerous examples  of 
which bave been hereinbefore, they  may be used 
as molding compositions (or as comnents o9 
molding compositions) from which molde 
ticles are produced by molding e comsition 
5 der heat and pressure, e. g., at temperates 
of the order of 120  to 200 ¢ C. and under pressures 
rangg between 1000 and-10,000 ds per 
square inch. Among the fillers at can be em. 
ployed in the producgion of molding-com.Sitio 
50 are alpha-ceose pp, asbess fibers, coton 
flock, chopped cloth cuttings, glas bers, wo0d 
fiour, antimony ode, titnim dioxide, sand, 
clay, mica dusç, diatumaceous ear, etc. 
The liqd p01yerabl¢ c0Poiti0, o£ 0ur 
5 invention also can be used. 
castings; 'as aesves, fr instange in 
duction of optical devces conting, a plaity 
of elemen, examples of w¢h_ aie copoud 
lenses, copound prsms, Nicol. pms, etc...; n 
6o the reaen of papeç or pape; stock; a. for 
various other pposes. 
We claire: 
1. A polymerizable composition comprising (1) 
4-allylomeyl-l,3-dioxolne and (2) a com- 
a5 pond which is copolerizable with te com- 
d of (1) and which is [epresend by the 
general formula 
R 
/ 
70 
R' 
where  represen a member- of fhe. class.co-. 
sis%g of hydrogen, hogen, 

siting: of hydrogen, halogen (chlorine, ilu0rine, 7i aryl, alkaryi and aralkyl radicals; andR. "repre,. 
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sents .a radical of the class consisting oî an aryl 
radical and radicais represented by the îormulas 
(«) --C-CH 
(b) 
(ç) o 
(a) o 
--C.--O R ' 
@) 0 
where R" represents a radicN of the class con- 
sistg oï alkyl, alkoxyalkyl and carbocycHc radi- 15 
cals, the ireoEents oî (1) and (2) beg present 
in the said polymerizable composition  the ratio 
oï îrom 3 to 97 molar rcenç oï the ïoer fo 
îorm 97 to 3 molar percent o£ the l«tter. 
2. A polerizable composition as in cla 1 20 
wherein R  the ïormula ïor the compound oï 
(2) is hydrogen. 
3. A polerizable composition as in cla 1 
wherein the compod oï (2) is acrylonitrfle. 
4. A composition comprisg a copolymer oï 25 
copolymerizable gredients including (1) 4- 
allyloxymethyl-l,3-oxolane and (2) a compod 
which is copolymerizable with the compod oï 
(1) und which is represented by the general îor- 
muta 
R 
where  represents a member of the class con- g5 
sistg of hydrogen, halogen, and alkyl, cycloalkyl, 
aryl, alkaryl and aralkyl radicals, and R' repre- 
sents a rcal of the cls coisting of an aryl 
radical and radicals represented by the formas 
40 
(b) --CN 
(c) 0 
O--C--R" 
(d) 0 
(e) 0 
----R" 50 
where R" represents a radical of the class con- 
sistg of alkyl, alkoxyalkyl and carbocyclic radi- 
cals, the ingredien of (1) and (2) beg presen 
in the polerizable composition  the ratio of 
ïrom 3 to 97 molar percent of the former fo from 55 
97 to 3 molar percent of the latter. 
5. A composition as  claire 4 wherein R  the 
formula for the compod of (2) is hyogen. 
6. A composition as in claire 4 wherein the 
compound of (2) is acrylonitrfle. 
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1.4 
7. A composition as in claire 4 whereïn the 
compound of (2) is an alkyl ester of acrylic acid. 
8. A composition as in claïm 7 wherein the alkyl 
ester oï acrylic acïd is ethyl acrylate. 
9. A composition as in claire 4 whereïn the 
compound of (2) is an alkyl ester of methacrylic 
acid. 
10. A composition as in claire 9 wherein the 
alkyl ester of methacrylic acid is methyl meth- 
acrylate. 
11. The method of preparing a new synthetic 
composïtion which comprises polymerizing under 
heat, while admixed with a polymerization cat- 
alyst, a polymerizble composition comprising 
(1) 4-alIyloxymethyl-l,3-dioxolane and (2) a 
compound vhich is copolymerizable with the 
compound of (1) and which is represented by 
the general formula 
R 
/ 
CtI2C 
where I represents a member of the class con- 
sisting of hydrogen, halogen, and alkyl, cYclo- 
alkyl, aryl, alkaryl and aralkyl radicals, and I' 
represents a radical of the class consisting of an 
aryl radical .and radicals represented by the for- 
mulas 
(a) 
(b) 
(e) o 
(à) o 
----0R" 
(e) 0 
where " represents a radical oï the class con- 
sisting of alkyl, alkoxyalkyl and carbocyclic radi- 
cals, the ingredients of (1) and (2) being present 
in the said polymerizable composition in the ra- 
tio of from 3 to 97 molar percent of the former 
to from 97 to 3 molar percent of the latter. 
12. A composition as in claire 4 wherein, in the 
formula for the compound of (2), 1% repr,esents 
hydrogen and I' represents an aryl radical. 
13. A composition as in claire 12 wherein I' 
represents a phenyl radical. 
WALTEI M. THOIVIAS. 
EDWAID L. KI=OPA. 
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